Abstract: A novel sulfonate flame retardant, 1,3,5,7-tetrakis(phenyl-4-sodium sulfonate)adamantane (FR-A), was successfully synthesized from 1-bromoadamantane in sequential four-step reactions involving Fiedel-Crafts phenylation, sulphonation, hydrolysis, and neutralization. The success of synthesis was confirmed by FTIR spectra, 1 H NMR spectra, elemental analyses and mass spectra. The effect of FR-A on the flame retardacy of polycarbonate (PC) has been studied. Limiting oxygen index (LOI) and thermogravimetric analysis (TGA) showed that this novel sulfonate flame retardant had effective flame retardancy on polycarbonate (PC). With a small amount (0.08 wt%) of FR-A, the flame retardancy of PC was improved obviously, which got to UL 94 V-0 rating. TGA and DTA curves demonstrated that the additive raised the degradation rate of PC by promoting the quick formation of an insulating carbon layer on the surface, and confirmed that the flame retardant mechanism of PC/FR-A system was similar to potassium diphenylsulfone sulfonate (KSS).
Introduction
Polycarbonate (PC) is an engineering plastic that is widely used in many fields such as automobile, electrical and electronic devices, construction, aerospace industry, machinery, and textile. It is a self-extinguishing, highly flame retardant plastic and by itself shows a V-2 rating in the UL 94 test due to relatively high tendency to charring. 1 The oxygen index can vary from 21 to 24 depending on polymer molecular weight and branching, and that of typical virgin bisphenol-A polycarbonate is about 25. Therefore, PC needs flame retardant agents to enhance combustion resistance, but some additives require in general high loading levels (up to 15-20%) in order to perform a fire protective action on the substrate. 2 And research has been diverted to the flame retardants free of bromine and chlorine together with environmental considerations, such as sulfur-, silicone-, or phosphorous-based flame retardants. [3] [4] [5] [6] [7] [8] Among them sulfonate salts such as potassium perfluorobutane sulfonate, are found particularly effective in flame retardancy of PC even at very low loading. 9,10 As a kind of flame retardant additive for PC, sulphonate flame retardant have significant ability to reduce the generation of smoke, heat and toxic carbon monoxide gas during PC combustion.
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This has stimulated the interest in synthesis of new sulphonate flame retardants. 1,3,5,7-tetrakis(phenyl-4-sodium sulfonate)adamantine (FR-A), which was based on adamantane that had four phenyl groups and four sulfo group, has not been studied so far. As a sulfonate salt, FR-A was expected to be compatible with PC as a new attractive flame retardant. This paper reports the experimental results of FR-A on flame retardancy. † To whom correspondence should be addressed. E-mail: guojw@gdut.edu.cn; zhongxing1986@163.com Materials. Commercial graded adamantane was offered by Zhangjiagang Xikai Chemical Co., Ltd. Butyl bromide was supplied by Aladdin (China Republic). Other agents were supplied by Guangzhou Chemical Reagent Factory. All agents were used as received. PC (by BAYER, Makrolon 2805) was used as received and no attempt was made to analyze, so that may be part of the commercial formulation.
Synthesis. FR-A was synthesized in three steps starting from 1-bromoadamantane by Friedel-Crafts phenylation reaction with benzene followed by sulphonation reaction with chlorosulfonic acid and subsequent hydrolysis of sulfonyl chloride group to sulfonic acid group and neutralization of sulfonic acid group to its sodium salt according to the reaction sequence described in Scheme 1.
Synthesis of 1,3,5,7-Tetraphenyladamantane(2) According to Literature 13, 14 : A solution of 1-bromoadamantane (1) (5.0 g, 23 mmol) and butyl bromide (6.5 g, 0.05 mol) in benzene (50 mL) was added aluminum chloride (0.5 g); the mixture was inserted into a preheated oil bath and heated under vigorous reflux for 1 h. A lot of solid formed in the reaction. The mixture was poured into ice water, ether was added, and the insoluble off-white solid was collected. The poor solubility of 1,3,5,7-tetraphenyladamantane (2) allows for purification by washing with CHCl 3 in a Soxhlet extractor for 24 h. The desired product ( Synthesis of 1,3,5,7-Tetra(phenyl-4-sulfonyl chloride) adamantane (3): A 100 mL round-bottle, flask was charged with 20 mL of chlorosulfonic acid and cooled to 0 o C. After 20 min, solid 1,3,5,7-tetraphenyladamantane (2) (2.0 g, 4.51 mmol) was added slowly. The flask was stoppered, and the mixture was stirred. After 1.6 h, the mixture was dumped into 30 g of ice. The white solid was filtered and dried to give 1,3,5,7-tetra(phenyl-4-sulfonyl chloride)adamantane (3) 48 h, a white precipitate formed gradually and was filtered. Then the precipitate was neutralized by 2 mol/L NaOH and a pH=8 had been achieved. The water was evaporated and the sample dried at 50 o C under vacuum. The yield of the salt (FR-A) was 50%, and the melting point of FR-A was more than 300 o C. Figure 1 Samples. The PCs were mixed with 0.05, 0.08, 0.10, and 0.15 wt% of fine dried FR-A powders by tumbling the ingredients in a tumbler. The resulting mixtures were melt-kneaded and extruded into pellets using a TE-34 twin-screw extruder at 
Results and Discussion
Flame Retardancy of FR-A on PC. The flame retardancy of PC containing different proportion of FR-A was investigated. The type of the PC /FR-A flame was distinctive as compared with that of neat-PC. The LOI of PC composition as a function of FR-A amounts is shown in Table 1 . A quite small amount of FR-A caused a sensible increment in LOI of the PC. The LOI attained the value of 26.4% when FR-A went up to 0.15wt% (based on the weight of PC). And during the measurement heavy black smoke became poor. The flame retardancy is effective. From Table 2 , it was known that the sample at 0.08 wt% for 3.0 mm thickness was measured to achieve UL 94 V-0 rating, and also its self-extinguishes time was reduced to below 6 s. Compared with current efficient and commercial used sulphonate flame retardant for PC, about 0.06-0.1 wt% of PPFBS (potassium perfluorobutane sulfonate 15 ) or 0.05-0.2 wt% of KSS (potassium diphenylsulfone sulfonate 16 ) can get to UL 94 V-0 rating, It can be found that the novel sulfonate flame retardant was similar to KSS and PPFBS via UL 94 test. Moreover, the ability to resist the flame ignition and to restrain the excessive smoke was efficiently enhanced during combustion. All of these showed that FR-A had quite effective 
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performance of flame retardancy on PC. Thermogravimetric Analysis. TGA was used to investigate the degradation in terms of mass loss and thermal degradation of PC compositions. The TGA and DTG curves for FR-A, PC and PC/FR-A were depicted in Figures 3 and 4 .
The major degradation of FR-A were from 231.1 to 321.3 o C and from 425.2 to 558.1 o C going with nearly 50% of the total mass loss, and the peak rates were at 289.7 and 513.6 o C. For neat PC, one-step degradation was apparently observed at 441.67-546.7 o C with about 68% mass loss, and the peak of maximum mass loss rate was taken at 506. Table 2 . From Table 2 , it was known that a small amount of FR-A had done give rise to remarkable influences, for example, considerable increase in LOI by almost 5 units and dramatic suppression of dripping. Then it was observed that the initial temperature of mass loss and the peak temperature of maximum mass loss rate of FR-A were higher than KSS and PPFBS, indicated that the PC/ FR-A (0.1%) had a better thermal stability. However, the LOI of PC/FR-A (0.1%) can not compare favourably with PC/KSS and PC/PPFBS. DSC spectra provide changes of temperatures of the material in pyrolysis process and the changes of heat releasing. Figures  5 and 6 show DSC curves of PC with 0.05 and 0.1% of FR-A. And it was observed that at the end of the test, neat PC released a total heat of 125.2 mW, whereas the PC/FR-A system released 79.8 mW. It can be seen that the more stable was the char generated in high temperature, the better flame retardancy was obtained. This indicated that a part of PC/FR-A had not completely combusted, possibly undergoing a char-forming process. In PC/FR-A system, the retardant mechanism of PC/FR-A system was similar to KSS. This point was confirmed by the above TGA curves. 17 It was supposed that the byproducts SO 2 and H 2 O from the desulfonation of FR-A promote the PC degradation. The more amounts of sulfonate salts generated more SO 2 and H 2 O to make PC degradation at lower temperature. Moreover, due to the increasing conjugation of the aromatic ring with C=O and /or C=C double bonds, the presence of a highly cross-linking aromatic ester and ether char inhibited the supply of flammable gas and heat transfer. It was known that the sulphonate flame retardant accelerates further carbonateether and Fries-type rearrangement of PC.
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Conclusions
A novel sulfonate flame retardant, 1,3,5,7-tetrakis(phenyl-4-sodium sulfonate) adamantane (FR-A), was successfully synthesized. The LOI measurements, TGA and DSC analysis showed that this novel sulfonate flame retardant had effective flame retardancy for PC. The flame retardancy of PC was improved obviously, and gave easily UL 94 V-0 rating with small amount of FR-A (0.08 wt%), have considerable increase in LOI by almost 5 units and confirmed the flame retardant.
